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Abstract 
Due to growing concern about climate change and global warming, new ways must be developed to reduce CO2 emissions 
in atmosphere. Incinerator ash produced in municipal treatment facilities and marble-dust produced during marble cutting 
process are alkaline wastes. This paper examines the carbon mineral sequestration potential of mixing alkaline wastes in 
two soil samples in accelerated carbonation conditions. Six different percentages of alkaline wastes in 20g sample were 
used. Batch reactor conditions were maintained at 40°C, relative humidity 60-70% and CO2 flow-rate of 10 litres-a-minute. 
Optimum water content was found by carrying out experiments on a sample with 7 different water-to-solid ratio (0, 0.2, 
0.4, 0.6, 0.8, 1 and 1.2).The particle-size effect was gauged by taking soil samples sieved through standard sieve sizes of 
BSS25 and BSS50. It was concluded that low water-to-solids ratio is better for carbonation, although some minimum 
amount of water is necessary for reaction. The optimum water-to-solids ratio for incinerator ash comes to be 0.4. Marble 
dust was found to be inefficient to capture CO2 due to lower pH and due to lump formation. As expected, carbonation was 
higher for samples with less particle size and higher surface area. 
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Due to increased awareness of the threats posed by climate change and global warming, a lot of methods 
are being investigated to reduce the anthropogenic carbon dioxide emissions. The need for carbon dioxide 
removal has been expressed by many individuals and organizations worldwide [1]. 
Efforts to capture and store carbon dioxide have so far focused on sequestration in natural reservoirs such 
as oceans, geological rock formations and terrestrial biosphere [2]. We use the fact that carbon dioxide is 
anhydrous oxide of carbonic acid. Alkaline wastes neutralize this acid to carbonates and bicarbonates. These 
products tend to be chemically stable. Rock minerals can be used to sequester CO2 but using alkaline wastes 
has various advantages over the use of rock minerals, as the process can be expected to be faster owing to the 
relatively open structure and higher specific surface area of the wastes [3]. 
Incineration involves the combustion of organic materials contained in waste. The amount of ash produced 
by the municipal solid waste incinerators varies from 5 to 10 per cent by volume of the original quantity of 
waste [4]. The ash residue remaining after combustion has been shown to be a non-hazardous solid waste 
which has been tested for ecotoxic metals[5].The ash is alkaline in nature and has the potential to capture 
atmospheric carbon dioxide.[6] Marble is a metamorphic rock and has been used as a construction material 
for ages. Marble pieces need to be cut into smaller blocks to give them the desired shape. During this process 
about 25 per cent of the original marble is lost in the form of marble dust [7].  
This project aims at to estimate the sequestration potential of alkaline wastes in soil. The two alkaline 
wastes used are incinerator ash and marble dust. Higher surface area, fine grained, readily available, generated 
at point source and rich source of calcium and magnesium are few properties which make them a potential 
source for sequestration. Also, with the utilization of wastes, problem of their disposal is also taken care of. 
2. Materials and Methods 
Experiments were conducted on different mixtures of alkaline wastes with soil. Incinerator ash was 
collected from OKHLA plant of the Delhi Municipal Corporation and marble dust (Makrana) was collected 
from Rajouri Garden, Delhi. The top soil samples were collected from two sites in I.I.T Delhi to obtain soil(A) 
and soil(B). In the first part of the experiment the optimum water content was evaluated. The second part 
deals with the effect of particle size on sequestration potential.  
2.1. Sample Preparation 
The soil samples, incinerator ash and marble dust were grinded to obtain homogenous system. The 2 types 
of soil samples were sieved through sieves BSS25 (0.6mm) and BSS50 (0.3mm), i.e. 1:2 ratio of sieve size. 
The samples were oven dried at 100°C to ensure there is no initial moisture content. For each of the four soil 
types and two types of alkaline wastes, six different percentages of alkaline wastes in 20g of sample are used 
(0, 20%, 40%, 60%, 80%, 100%) giving us 48 samples. In the 20g sample, 8g distilled water was added 
according to the optimum water content (0.4 in this case). The mixtures were manually mixed. Each type was 
prepared in duplication, to obtain the hydroxide content before and after carbonation. 
2.2. Carbonation chamber 
The carbonation chamber used in Fig. 1 was used. It is a rectangular chamber with a working volume of 
393 litres [8]. The upper half of front face of the reactor was fixed. The CO2 entered through 2 valves fitted on 
the right side of the reactor wall. A rotameter was fitted in the path of gas flow to maintain the CO2 flow rate. 
A digital thermostat was used to maintain temperature at 40°C. A trough containing water was placed to 
maintain humidity. It had four fans on reactor walls to ensure circulation in the whole reactor [9]. 
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2.3. Carbonation reaction 
All the samples were kept in the chamber. The chamber was then closed. CO2 was allowed to flow for 2 
hours. The reaction was allowed to continue for at least 16 hours. 
2.4. Experimentation 
All the samples before and after carbonation were subjected to experimentation. The difference in 
hydroxide alkalinity in samples before carbonation and after carbonation was calculated to estimate the 
carbonation potential. 10 g of sample was taken in a conical flask. 100 ml of distilled water was added to it. 
The flask was kept on a magnetic stirrer and stirred for 5 minutes, with heating. After this, samples were kept 
to settle for 24 hours without disturbance. Samples were filtered using filter papers and 50 ml of each filtrate 
was taken and tested with a pH meter. The following formula is used to determine the hydroxide alkalinity:  
[OH-] = {10 ^ (pH-14)} * 50000 (carbonates mg / litre) 
 
Fig. 1. Carbonation chamber line diagram 
 
Accelerated carbonation technique was used to have results in short period of time. Soil samples were 
exposed to CO2 at 10L/min rate which is much more than normal atmospheric condition. Icing of CO2 
cylinder valve was a major problem faced during experiments, which was resolved by using external Heater. 
3. Results and Conclusions 
This paper demonstrates the evaluation of CO2 sequestration in alkaline top soils using two different 
alkaline wastes. Samples in the carbon reactor were exposed to constant CO2 flow rate under standardized 
humidity, temperature conditions and varying proportion of alkaline waste. 
As can be seen from Fig. 2, the maximum carbonation occurs in case of water-to-solids ratio of 0.4. Also, 
we can see that the carbonation in case of no water is negligible, showing that some minimum amount of 
water is necessary for reaction to take place. And carbonation is low for high water content. It indicates that 
more water leads to hindrance in CO2 diffusion and hence low accessibility for reaction. Thus, Carbon dioxide 
cannot diffuse properly to reach sites for carbonation. 
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Table 1. Using (8g ash + 12g soil) with varying water-to-solids ratio 
Ratio of water-to-solids Before carbonation After carbonation  Hydroxides 
consumed   
(mg/l)  
                           pH                 [OH-] (mg/l) 
 
                 pH      [OH-] (mg/l) 
                 
0.00 10.53  16.94221  10.51  16.17968  0.762525  
0.20  10.53  16.94221  8.12  0.065913  16.87629  
0.40  10.56  18.1539  8.25  0.088914  18.06499  
0.60  10.53  16.94221  8.7  0.250594  16.69161  
0.80  10.55  17.74067  9.35  1.119361  16.62131  
1.00  10.54  17.33684  9.23  0.849122  16.48772  
1.20  10.55  17.74067  10.2  7.924466  9.816204  
 
 
Fig. 2. Optimum water content observations 
The common feature in all the graphs is that the amount of hydroxides consumed is higher for samples 
sieved through BSS50 (i.e. 0.3mm) than that for BSS25 (i.e. 0.6mm). It indicates that smaller the particle size, 
higher is the surface area available, and thus, more is carbonation in the sample. We can see from Fig.3 that 
for incinerator ash, the results are as expected. The carbonation extent increases with increasing ash content.  
 
 
Fig. 3. Observations for incinerator ash 
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Also, seen in Fig. 4, in the case of (Marble dust + soil (B)), the carbonation increases in the beginning and 
then decreases. The increase in the beginning is due to higher pH of dust compared to soil (B). According to 
our inference, lump formation in marble dust during experiments diminished its carbonation capacity. The 
surface area available for carbonation decreases with lump formation. Thus, as marble dust content increased, 
less carbonation occurred. This was confirmed by results in the case of (Marble dust + soil (A)). Soil (A) and 
marble dust had almost same initial pH, and thus, carbonation decreased with increasing marble dust content.  
 
 
Fig. 4. Observations for marble dust 
The results presented in the project indicate that Incinerator ash could be used to sequester the CO2 
emissions. The marble dust was found to be inefficient to capture CO2. The most important future application 
of such emerging technology will be utilization of such alkaline waste material as cover for barren land with 
some amount of water, to make use of the otherwise waste land to help in carbon dioxide sequestration. 
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